The application of nitrogen (N) fertilizer is complex and expensive, so its correct management has financial and environmental benefits. The use of optical proximity sensors is a promising technique. However, the movement of the agricultural machinery or of the person carrying the sensor will result in height differences and/or different tilt and twist angles with respect to the canopy. We considered whether these variations would affect the reflectance measurement. In this study, we took normalized difference vegetation index (NDVI) readings of a wheat canopy, to which 90 kg ha -1 of urea had been applied in stage 5, and observed the NDVI in stages 6, 8 and 10.5. We also tested soybeans, to which 90 kg ha -1 of urea had been applied in stage R1, and took NDVI readings in stages R2 and R5. Our goal was to study the effects of the position of an active reflectance sensor (GreenSeeker) on the NDVI index at different heights and at different angles to the canopy. We observed that the height of the sensor affected the NDVI depending on the stage of the plant and that angles up to 15° of the sensor did not directly affect the readings.
INTRODUCTION
The correct application of nutrients to the soil may contribute to a reduction of the possible environmental impacts of agricultural activity. Both the reduction of pollution and the leaching of applied nutrients results in minor impacts (Schieffer & Dillon, 2015) . Nitrogen is an essential component for the maintenance of the life of both animals and plants, and it is a constituent of amino acids, proteins and nucleic acids (Cherkasov et al., 2015) , therefore its correct management is essential for profitability with a low environmental impact.
The measurement of N available to the crop directly on the soil is not a practical method, according to Drake et al. (2015) , because it is easily lost by leaching, volatilization and denitrification in the soil. Padilla et al. (2014) and Amaral et al. (2015) suggests the use of optical proximity sensors to indirectly read the level of N from the optical properties of the leaves as a promising alternative. According to Singh (2015) , the chlorophyll in the leaves absorbs part of the radiation at wavelengths in the red range and the leaf structure reflects part of the radiation in the infrared range, so there is a correlation between the NDVI response and the N present in the soil. The stress level of the plant can be estimated by its N content derived from the ratio of the absorbed and reflected radiation (Schwerz et al., 2016) . Crusiol et al. (2013) investigated the influence of sensor heights (0.40, 0.60, 0.80, 1.00, and 1.20 m above canopy) on NDVI measurements by using a GreenSeeker® and observed a consistent NDVI decrease with increased height; further, it was determined that a fixed height of sensor should be used to obtain better results. Also using a GreenSeeker, Kim et al. (2010) found, in a laboratory setting, that the acceptable range of sensor height was 1.0 -1.8 m (0.026 m standard deviation).
According to Kim et al. (2010) , although an active sensor uses modulated radiation that can be differentiated from ambient illumination to validate data and increase accuracy, the sensor characteristics must be well understood Engenharia Agrícola, Jaboticabal, v.39, special issue, p.96-108, sep. 2019 and investigated in potential target conditions with various plant leaf coverage. They conduced one of a few studies in literature that are related to the tilt angle of the sensor in relation to the canopy. Their laboratory study evaluated a GreenSeeker sensor under different illumination and target conditions: 30 -100% leaf coverage, ±0.15 m off-center with 30% leaf coverage, a 1.0 -1.8 m standoff distance, and a 0 -50° tilt angle. They found that differences of NDVI value were not observed within 0-60° solar zenith angles. There were also no significant effects due to changes in temperature and artificial illumination in a chamber. Tubana et al. (2011) evaluated the relationship between NDVI and simple ratio (SR) measured at different view angles using an active sensor (GreenSeeker) at onemeter height above the canopy considering rice biomass and grain yield. Sensor readings and biomass at panicle differentiation (PD) and 50% heading, and grain yield were collected from multiple variety × N rate trials established in different rice-producing areas of the mid-southern United States in 2009 and 2010. They concluded that the NDVI and SR viewed at various angles were higher in general than the nadir angle (0º), implying that the rice canopy reflectance spectra was altered such that the sensor captured higher fractions of green vegetation than other scene components such as the water background and shade. However, varying the angle, provided no evident improvement of the performance of NDVI and SR as predictors of the biomass and grain yield. Beneduzzi et al. (2017) investigated the temporal variability of NDVI measured by a GreenSeeker in both soybean and wheat crops. The NDVI data were collected using a GreenSeeker sensor every 15 minutes for 12 or 14 consecutive hours. The NDVI was negatively influenced by irradiation in all experiments with soybean and wheat, showing higher values at the beginning and end of the day. Changes in cloud cover also affected the NDVI values during the experiments.
Furthermore, considering that: 1) The movement of agricultural machinery or someone carrying the sensor will result in height differences and/or different tilt and twist angles with respect to the canopy, and 2) No investigations of this phenomenon have been done in field, the objective this paper was to study the influence of height and tilt and twist angles of an active reflectance sensor (GreenSeeker) on its NDVI measurements.
MATERIAL AND METHODS
This research was carried out in a commercial agricultural area located in the city of Céu Azul/PR, whose area has been cultivated in the no-tillage system for more than 10 years. Two separate fields in the area were used for the experiment. The first field has an approximate geographical location of 25°06'52" S latitude and 53°50'01" W longitude with a soybean crop and the second has an approximate geographical location of 25°06'52" S latitude and 53°50'01" W longitude with a wheat crop. Both fields have an average altitude of 750 meters, with a soil typical of the Dystroferric Red Latosol type (Embrapa, 2018) . The climate is of the Cfa type according to the Köppen-Geiger classification; it is a humid temperate climate with hot summers and a tendency for more rain in this period than at other times (Alvares et al., 2013) . The wheat cultivar used was Biotrigo Iguaçu sown in May 2015, and the readings were taken in June and July 2015. The soybean cultivar used was Syngenta 1359 sown in October 2015, and the readings were taken in December 2015 and January 2016.
The NDVI measurements were performed with an active GreenSeeker 505 reflectance sensor (Trimble, Sunnyvale, USA, Figure 1a ) supported by aluminum tripod developed to ensure the same positioning of the sensor for all of the readings throughout the experiment. The support was constructed in an 8 mm aluminum plate and the assembly was made with 4 and 6-mm screws. This material was chosen because of its lightness, ease of machining and the low cost ( Figure 1b ). Tilt was made by a fixed screw axis, which was locked in the reading positions by previously calibrated holes and secured by metal locks to keep the support still. The twist movement was made by linear bearings on metal shafts, similar to those used in 3D printers and milling machines, which were also locked in position by holes and latches. The readings were taken at 0.8, 1.0 and 1.2-meter heights using the positioning recommended in the sensor manual. The manufacturer's recommendation is to use the sensor parallel to the sensing area. However, it is known that it is practically impossible to keep the sensor parallel to the sensing area, and it was thought that one inclination to 15% was feasible. Different angles could be tested (i.e., more than 15% inclination), but a previous study carried by the authors has found out that these inclinations did not significantly affect the sensor reading. There are a few studies in the literature that have tested this variable, including that of Tubana et al. (2011) . The twist and tilt Engenharia Agrícola, Jaboticabal, v.39, special issue, p.96-108, sep. 2019 angles for the readings were adopted as 15° for both up/down and right/left inclinations. Figure 2 shows the sensor positions discussed in this study, where the green line represents the highest canopy position.
The duration of each reading was set at ten (10) seconds. The sensor performs ten (10) readings per second, and 100 readings per position were performed, and the mean was calculated. Several authors, such as Souza et al. (2010) and Beneduzzi et al. (2017) have already observed the effect of the reading time of an active reflectance sensor. Therefore, is decided to perform readings during the day, from 7 am to 7 pm with a 30minute interval between the readings, for a total of 25 samples for each position. Was also noted the incident solar radiation on the sensor for each reading, with the help of an Instrutherm MES-100 pyranometer. For the soybean crop, 90 kg ha -1 of N was applied during the R1 stage (Schmitt et al., 2001) in the form of Super N Fertipar urea, with a 46-0-0 formulation so that there was no nutrient deficiency in the plants. The readings were taken in the R2 and R5 stages. The R2 stage was chosen due to its proximity to the stage at which the N was applied, and the R5 stage was chosen because it is the stage at which the plant begins the transfer of N to the grain (Ritchie et al., 1985) .
The best stage for the application of nitrogen fertilization in a wheat crop is stage 5 (Walsh et al., 2012) . Was applied a rate of 90 kg ha -1 of N in the form of Super N Fertipar urea with a 46-0-0 formulation. Cao et al. (2015) took readings in stages 6 and 10.5. In this experiment, was opted to take readings in stages 6, 8 and 10.5. The stage 6 was chosen due to its proximity to the stage at which N was applied and the others to have a time interval between the readings.
After obtaining the field readings, an exploratory statistical analysis was done to verify the normality of the data obtained. The coefficient of variation (CV) was determined and classified according to Pimentel & Garcia (2002) : CV ≤ 10%, low; 10% < CV ≤ 20%, medium; 20% < CV ≤ 30%, high; and CV > 30%, very high. Statistica 13 software was used to make charts and perform statistical tests. Boxplots were also created to compare the means of heights and angles for the wheat and soybean crops and to investigate outliers. An outlier is a value that lies in a data series on its extremes; as such, this value is either very small or large and, thus, can affect the overall observation made from the data series. According to Hubert & Van der Veeken (2008) the probability for a data point to lie beyond the interval [Q1 − 1.5 IQR, Q3 + 1.5 IQR] is approximately 0.7%, where IQR is the interquartile range, Q1 is the first and Q3 the third quartile. As per the basic standards followed by statisticians, this interval is a convenient definition of an outlier and can be easily applied using the standard boxplot.
We compared the NDVI readings as follows: heights of 1.2 m and 0.8 m were compared to 1 m and all stages and crops were considered. The angles of 15° upwards and 15° downwards were compared to the central position compared to 1 m for all stages and crops, and finally, the angles of 15° to the right and 15° to the left were compared to the center position compared to 1 m for all stages and crops. The Willmott's advanced concordance index (d) (Willmott et al., 2012) was used to calculate the similarity between two NDVI measurements, as described by Equation 1. According to this approach, a value of d of 0.5, for example, indicates that the sum of the error-magnitudes is one half of the sum of the perfect-model-deviation and observeddeviation magnitudes. When d = 0.0, it signifies that the sum of the magnitudes of the errors and the sum of the perfect-model-deviation and observed-deviation magnitudes are equivalent. When d = −0.5, it indicates that the sum of the error-magnitudes is twice the sum of the perfect-model-deviation and observed-deviation magnitudes. Values of d near −1.0 can mean that the modelestimated deviations about 0 are poor estimates of the observed deviations. Mean bias error (MBE), mean absolute error (MAE), and root mean squared error (RMSE) were used to evaluate the errors of different NDVI readings (Equations 2, 3, and 4).
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Where, N is the number of readings; E is the NDVI value to be compared, and O is the value of the NDVI taken as default.
RESULTS AND DISCUSSION
The CV of the NDVI indices (Table 1) for the functions of the crop and the GreenSeeker sensor heights were considered low, therefore, it was observed that the data was homoscedastic. A slight decrease in the mean values was also observed as the sensor height increased for all stages, as well as a slight increase in the standard deviation (except for stage 8 for wheat). The descriptive statistics for the tilt angles (up and down by 15°) again had CV values of less than 10%, therefore, the data was homoscedastic for all crops and positions. The data for twist angles (right and left in 15°) were also homoscedastic for all crops and positions, indicated by a CV value less than 10%. The mean NDVI for wheat in stage 10.5 was lower than the other readings, which could be explained by the advanced development cycle of the crop at the time the reading was taken.
The mean bias error (MBE), mean absolute error (MAE), and root mean squared error (RMSE) of different NDVI readings are presented in Table 1 . The greatest biases were: -0.042 (underestimation) for stage R5 soybean up tilt and 0.069 (overestimation) for stage 10.5 wheat up tilt. The smallest global error corresponded to a MAE of 0.011 and a RMSE of 0.014, which were obtained in the majority of the R2 and R5 soybean stages. The greatest global error corresponded to a MAE of 0.076 and a RMSE of 0.086, which were obtained in stage 10.5 wheat up tilt. The values for solar radiation during the readings at three heights (0.8, 1.0, and 1.2 m) (Figures 3b, 3d, 3f , 3h, and 3j) show a greater variation of amplitude and were smaller during the first hours of the morning and the end of the afternoon; visually, however, it can be seen that these values were not significantly different among sensor heights. When the radiation readings were compared to the NDVI readings (Figures 3a, 3c, 3e, 3g and 3i) , the NDVI showed inverse behavior compared to the radiation; that is, the higher the incidence of solar radiation the lower the NDVI, which was a result similar to that found by Souza et al. (2010) , Rahman et al. (2015) , and Beneduzzi et al. (2017) . An exception was stage 8 wheat, which was probably due to cloud cover.
A boxplot analysis of the heights (Figure 4a ) showed the presence of seven outliers, but since no model was generated from data points, it was decided to maintain then. A comparison of the NDVI values at different sensor heights, with 1 m (Figures 4b to 4f ) as the reference, shows similarity between the readings indicating little effect of the height on the readings for wheat at stage 10.5 and soybean at stages R2 and R5, since the values were close to the 1:1 line. For all stages, the values observed at 1.2 m tended to fall below the 1:1 line and those for 0.8 m tended to fall above the 1:1 line; that is, the values for 1.2 m were slightly underestimated and overestimated for 0.8 m, compared to 1 m.
The similarity between two NDVI measurements was measured with the Willmott index (d) and will increase with the increase in the Willmott index value. The d varied from 0.11 (stage 6 wheat at 1.2 m) to 0.79 (stage R5 soybean at 0.8 m), therefore showing the highest similarity at stage R5 soybean with a height of 0.8 m, which also showed the smallest MAE and RME. In stage 6 wheat the sensor had a greater effect at its highest height, whereas in stage 8 wheat both the smallest and the greatest height were shown to be influential. In stage 10.5 wheat, this effect was lower for higher NDVI indices, but as noted by Amaral et al. (2015) , the saturation of the signal in the red band of the GreenSeeker sensor in the advanced stages may have interfered with the NDVI response. In soybean, in both vegetative stages, the 1.2 m height had a greater effect and the 0.8 m height had a minor effect. Thus, we may conclude that the height of the sensor can affect the NDVI depending on the vegetative stage of the plant.
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In stage 6 wheat ( Figure 6b ) and stage R2 soybean (Figure 6e ), many readings were close to the 1:1 line, and high values of d indicated a slight effect of the tilt angle for these stages. In stage 8 wheat (Figure 6c ), the readings fell at the top of the 1:1 line, which implies that the readings were overestimated when the sensor was positioned upwards and downwards compared to the central position. The values of d were both near 0, which was consistent with the charts and as seen for the sensor height for stage 8 wheat, there was also an effect of the position on the sensor reading. Tremblay et al. (2008) found a similar result for the NDVI reading in corn with a GreenSeeker sensor, where the wind can change the plant architecture and effect the reading depending of the development stage of the plant.
In stage 10.5 wheat (Figure 6d ), the readings again fell close to the 1:1 line but still had a slight tendency to fall near the top. The values of d were 0.76 and 0.52 for a sensor positioned upwards and downwards, which indicated little effect of the sensor tilt angle.
In stage R5 soybean (Figure 6f ), the chart indicates the proximity of the readings with the sensor facing down to the 1:1 line and a d value of 0.63, implying a slight effect of this angle on the NDVI, but the sensor facing up shows 22 of the 25 readings were underestimates, and had a d value of -0.28, which renders the interpretation inconclusive for this position. And in effect of the twist angle of the sensor, similar to the experiments in which the sensor heights and tilt angles were varied, the solar radiation obtained during the readings (Figures 7a to 7j) again did not show that the radiation was significantly different for different sensor angles, and an inverse correlation between the solar radiation and the NDVI value was evident. A boxplot analysis of the twist angles ( Figure 8a ) showed three outliers for stage 6 wheat, which were the first two readings in the morning, and may have been affected by the position of the sun when the reading was taken, a result similar to that found by Oliveira & Scharf (2015) . Again, since no model was generated from data points, it was decided to maintain then.
For the twist angles of wheat (Figures 8b to 8d ), there is a certain overestimation for both positions in stage 8 wheat, where the lowest values of d also occurred and consequently where the position of the sensor had a greater effect on the NDVI, as indicated by a comparison of the sensor heights and twist angles.
In soybeans (Figures 8e and 8f ) at both stages, there was an approximation of the reading values with the line was 1:1, as well as a value of d near or even higher than 0.7. This shows little effect on the twist position of the sensor on the NDVI. Kim et. al (2010) found a similar result when evaluating the NDVI response to the sensor angle in apple leaves. Engenharia Agrícola, Jaboticabal, v.39, special issue, p.96-108, sep. 2019
CONCLUSIONS
The height of the GreenSeeker sensor affected the NDVI depending on the crop and the development stage. This influence was higher at a height of 1.2 m than at 0.8 m. This result shows that the sensor height specified by the manufacturer (from 0.8 to 1.2 m) can affect the reading and that the operator should try to keep the sensor height as fixed as possible. The tilt and twist angles of the sensor did not directly affect the reading under the experimental conditions (15° for both up/down and right/left).
